**What is already known on this topic** •Public preferences are recognized as important inputs into health care priority-setting, but there is little rigorous knowledge of them.•The values that inform public preferences for health resource allocation are poorly understood.

**What this study adds** •Public values support prioritizing scarce health resources to children.•Structured moral deliberation reduces the intuitive priority given to children.•There is strong public support for humanitarian principles, such as equality, to guide health care resource allocation across recipient ages and diseases.

1. Introduction {#sec0005}
===============

Faced with both scarce resources and pressures to keep pace with innovation, health systems in most developed nations emphasize the comparative value of health interventions in payment policies and coverage decisions \[[@bib0005],[@bib0010]\]. Such appraisals of value rely on assessments of clinical efficacy, economic efficiency and, increasingly, societal values. Growing recognition that democratic commitments warrant more room for public voice in health and social policy decisions -- particularly when allocating public resources -- has spurred attempts to incorporate citizens' values and preferences in health technology assessment (HTA) in an increasing number of developed countries \[[@bib0015]\]. While approaches to measuring clinical and economic value are well-specified, the means of identifying and assimilating relevant societal values in HTA are not \[[@bib0020],[@bib0025]\].

To bridge this gap, a growing academic literature has sought to address the measurement and interpretation of societal value judgements for health system priority setting. Two contrasting approaches to the elicitation of societal values have prevailed: population-based surveys and exercises in deliberative engagement. Both admit of strengths and limitations. While survey methods are able to elicit preferences from a large swath of the public, they often preclude in-depth reflection and discussion about the complex ethical issues involved in setting priorities \[[@bib0025],[@bib0030]\]. By contrast, deliberative engagement with patients or publics offers rich opportunities for nuanced and recursive consideration of the values that motivate allocative decisions, but from the bounded perspective of a small and select group of persons \[[@bib0035]\]. A few attempts have been made to marry deliberative and survey methods, either by bookending deliberative events with survey questions or by embedding opportunities for deliberation within survey designs \[[@bib0040], [@bib0045], [@bib0050]\]. We adapt an approach to the latter to investigate societal preferences for allocating health care resources to children as compared to adults.

1.1. Why children? {#sec0010}
------------------

Age represents one of the most prominent issues explored in the literature on social values for health system resource allocation \[[@bib0055], [@bib0060], [@bib0065], [@bib0070], [@bib0075], [@bib0080]\]. The focus on age stems in part from the utilitarian assumptions that anchor prevailing methods of health economic evaluation \[[@bib0085],[@bib0090]\]. Quality-adjusted life years (QALYs) have played a dominant role in assessing the value of health interventions, as a universal metric for comparisons of benefit among different technologies that incorporate quantity and quality of life into a unified indicator. Closely allied to the use of QALYs as an outcome measure in applied health economic evaluation is the assumption of utilitarian QALY maximization as a normative goal -- and thus decision-criterion -- when selecting the best alternative among competing interventions \[[@bib0095]\].

The prominence of QALY maximization as a decision-criterion in applied health economic evaluation, including by HTA institutions internationally, has prompted theoretical and empirical inquiry into the strength of societal preference for QALY maximization \[[@bib0100], [@bib0105], [@bib0110], [@bib0115]\]. Moral philosophers and social choice theorists have challenged the moral legitimacy of purely consequentialist approaches to health care rationing, including QALY maximization, citing the relevance of ethical concepts ranging from distributive justice, priority to the worst off, and rights-based entitlements in health resource allocation \[[@bib0120], [@bib0125], [@bib0130], [@bib0135], [@bib0140], [@bib0145]\]. Empirical studies of public preferences for health care resource allocation often employ recipient age as a proxy for QALY gains. Studies of public preferences have yielded considerable evidence favouring priority to younger populations \[[@bib0065], [@bib0070], [@bib0075], [@bib0080]\]. Such studies have often compared adults of various ages; select studies include a childhood age range among their comparators \[[@bib0075],[@bib0150],[@bib0155],[@bib0160],[@bib0165]\]. However, few studies have explored public preferences for health resource allocation decisions related to children as such. Moreover, the reasons underlying societal preference for the young remain incompletely understood. Crucial questions persist: Does QALY maximization drive precedence to the young or is it independent of life years gained? Are there other normative considerations at play? How do different moral ideas guide age-based prioritization by study participants? Are there specific values that inform allocative decision-making about children?

A number of studies have tried to tease apart the normative presumptions behind age-based rationing decisions. Tsuchiya et al. distinguish and test the evidence for different types of 'ageism' underlying societal preferences for health resource allocation: 1) 'health maximization ageism' (constant relative value of life-years, irrespective of age); 2) 'productivity ageism' (higher value of life-years in young adulthood, related to greater social and economic productivity); and 3) 'fair innings ageism' (emphasis on opportunity for equal aggregate lifetime health (or QALYs) through priority to those expected to experience less, such as the young or disadvantaged) \[[@bib0080]\]. Each of these approaches is outcome-oriented and concerned with health gains, though calibrated to prioritize different groups based on alternative ethical arguments.

'Health maximization ageism', which corresponds to pure QALY maximization, receives its strongest support in age-based stated preference studies that focus on life-saving interventions, or those that result in more aggregate QALYs for younger recipients. Even so, evidence for societal disavowal of pure QALY maximization exists, with some studies yielding majority preferences for equal allocation in the face of discrepant potential QALY gains across age groups \[[@bib0085],[@bib0165]\]. Importantly, studies that test preferences for age-based allocation in terms of QALY maximization alone cannot discern whether distinct moral principles inducing priority to the young (be it children or younger adults) are at play.

When controlling for QALYs gained, the evidence in support of priority to younger groups is mixed. Stated preferences consistent with both 'fair innings ageism' and 'productivity ageism' are evident in select studies examining age-based trade-offs in the context of fixed benefits. When the duration of benefit across age groups is standardized -- thereby in effect neutralizing 'health maximization ageism', or pure QALY maximization -- consistent prioritization by age breaks down, with participants alternately preferring allocation to children, people in middle age, or equal allocation across age groups \[[@bib0075],[@bib0080],[@bib0150],[@bib0170],[@bib0175]\]. It is, however, often difficult to disentangle evidence in support of one of these forms of ageism from the other in the extant literature.

In addition to studies of age-based priority setting that focus on health *outcomes*, a number of studies explore the moral bases for allocative decision-making by examining the relevance of *causes*. Anand and Wailoo demonstrate weak societal preference for consequentialist rationing rules, including QALY maximization, through experimental rationing decisions that force trade-offs between hypothetical adult recipients of different ages \[[@bib0085]\]. Notably, they also empirically examine the relevance of deontological considerations in health care rationing, including personal responsibility for one's health state, socioeconomic status, and procedural considerations in priority setting. Their work demonstrates a disavowal by participants of pure QALY maximization, and highlights other salient normative considerations for potential incorporation into rationing exercises, including equality of treatment, individual rights and duties, and procedural fairness \[[@bib0085],[@bib0180]\]. Relatedly, a limited body of evidence points to the impact of embedded moral reasoning on attenuated public preference for the young, suggesting that deliberation on a range of ethical principles can influence stated preferences for allocating resources based on age \[[@bib0050]\]. However, this evidence pertains to age variations amongst adults.

Despite this focus on age as a morally relevant variable, the extant literature contains little dedicated inquiry into allocative preferences regarding children *per se* \[[@bib0185]\]. This lack of evidence has contributed to a vacuum of both theoretical and context-specific knowledge about societal preferences related to the prioritization of health system resources for children. The need for more and better knowledge of public values attached to health care priority-setting affecting children is underscored by inherent challenges associated with the assessment of child health technologies \[[@bib0190], [@bib0195], [@bib0200]\]. Health system funding decisions for children are often constrained by limited evidence for the clinical efficacy or economic efficiency of child health technologies \[[@bib0205]\]. Childhood diseases are typically rare, the conduct of research in pediatric populations is complex, and standard metrics of clinical and economic assessment fail to incorporate unique dimensions of childhood, such as family context and life-course impacts \[[@bib0005],[@bib0210]\]. Greater uncertainty in clinical and economic domains may confer greater importance on public values in decisions about the prioritization of child health technologies. In addition, evidence of differences in public preferences for health resource allocation across the life course could strengthen standard approaches to the economic evaluation of health care technologies and services through enhanced incorporation of public values.

1.2. Objectives and aims {#sec0015}
------------------------

To better understand societal values for health resource allocation, we conducted a population-based stated preference survey with a nested randomized controlled moral reasoning intervention. Our objective was to generate evidence to inform economic evaluation and policymaking on health care priority-setting and payment reform in developed health systems. Uniquely, we sought to explicitly assess societal preferences for allocation to children, and to test the influence of structured deliberation -- in the form of an individual-level moral reasoning exercise -- on allocative preferences. Our principal aims were to: (1) understand the direction and strength of public preferences for health resource allocation between children and adults for varied treatment scenarios, (2) assess the impact of a moral reasoning intervention on the expression of such preferences, and (3) identify sociodemographic factors that impact the expression of public preferences on health resource allocation between children and adults. We also sought to test the divergence of participant preferences for children or adults from an assumption of age-neutrality, to understand the treatment scenarios within which significant preferences for either children or adults emerge. Finally, we aimed to characterize the principles that most influenced participants' allocative decisions, to gain a deeper understanding of the moral reasoning behind societal preferences for health resource allocation.

1.3. Hypotheses {#sec0020}
---------------

In keeping with much of the prior literature on age-based resource allocation, we expected that control group participants would display an aggregate mean preference for allocation to children, particularly in scenarios where theoretical QALY gains were largest (i.e. cancer treatment and eating disorders therapy). In scenarios with fixed and equal life-year gains across children and adults (i.e. chronic disease drug, liver transplant), we hypothesized that participant preferences for children would be less pronounced, but persist on average, due to intuitive conceptions of 'fair innings'. We included a palliative care scenario to test the direction and strength of age-based preferences in a context focused on relief of suffering rather than hypothetical QALY gains, anticipating weak or no preference for allocation to children. In terms of participant sociodemographics, we presumed that younger adults and those with children of their own would preferentially favour allocation to children, due to temporal and emotional proximity to childhood states.

In contrast to prior evidence demonstrating diminished preference for younger adults induced through moral deliberation \[[@bib0050]\], we hypothesized that a moral reasoning exercise would increase the strength of public preference for allocation to children, as compared to adults. This hypothesis was predicated on insights from foregoing normative analyses of public policies for children, which have identified distinguishing characteristics of childhood -- such as vulnerability, dependency, rarity, social distinction, and future potential -- as drivers for policy development \[[@bib0215], [@bib0220], [@bib0225], [@bib0230], [@bib0235], [@bib0240]\]. We postulated that the moral reasoning exercise, which incorporated a number of values-based considerations specific to children, would prompt participants to consider their allocative preferences in light of these unique concerns. Given the ethical tools to unpack intuitions about what children might deserve relative to adults, we anticipated that participants randomized to the moral reasoning arm would apprehend justifications for preferential allocation to children that may not be immediately apparent. We further hypothesized that participants in the intervention arm would display stronger aggregate preference for children across all the clinical scenarios tested, regardless of the duration of life years gained, as a result of their access to a varied palette of ethical principles by which to justify preferential allocation to children, including vulnerability, dependency, potential, and social distinction.

2. Methods {#sec0025}
==========

2.1. Study sample {#sec0030}
-----------------

We conducted a population-based stated preference survey of societal views on the prioritization of health resources among children and adults, administered to a non-probability sample of Canadian adults. Participants were recruited through letters of invitation emailed to a random sample from a panel of over one million Canadians maintained by a survey research firm. A limitation of non-probability sampling is the absence of general statistical theory to predict sample representativeness from survey design assumptions \[[@bib0245]\]. To minimize sampling bias and maximize the potential for national population representativeness, we employed interlocking quotas for stratified sampling (age, gender and region), balanced against Statistics Canada norms, and evaluated the composition of our final sample in comparison to the Canadian population on a range of sociodemographic characteristics. The survey was web-based and loyalty program rewards were offered to encourage participation.

2.2. Survey design and development {#sec0035}
----------------------------------

Development of the survey instrument drew on prior literature on the ethics of health resource allocation and social values relevant to child health policy. The principles included in our moral reasoning exercise were derived from a systematic review of the literature on social values relevant to child health and social policy, refined through an in-depth qualitative case study of health technology assessment and policymaking for children in Canada \[[@bib0235],[@bib0240]\]. Iterative refinements to the survey were informed by a pilot phase with experts (*n* = 3) and laypersons (*n* = 2) and field testing with members of the public (*n* = 32). The final survey questionnaire directed respondents to assign numerical preference scores for the allocation of resources in different health care scenarios based on age-related criteria. It presented each participant with the same five hypothetical treatment scenarios (chronic blood disease, liver transplant, cancer therapy, palliative care, and eating disorder); these scenarios were intended to provide variation in disease characteristics such as acuity, morbidity, mortality, potential for cure, and nature of treatment ([Fig. 1](#fig0005){ref-type="fig"} ; see Supplementary File eFig. 2 for full reproduction of scenarios). Participants chose between funding for treatment among adult (average age 40) and child (average age 10) patients, from the perspective of a citizen advisor to a health system administrator. Preferences were captured as continuous variables on a visual analog scale (VAS) from -5 (full preference for children) to +5 (full preference for adults), with zero representing neutrality. We employed a VAS design to explore changes in the strength of participant preferences for children or adults in order to capture more subtle variation in preference than would have been possible with categorical choices, while still allowing for preference neutrality. Demographic data related to age, sex, income, education, employment, health status, and family structure were collected.Fig. 1Sample choice scenario.**Scenario: Chronic Disease Drug**Imagine that two different medicines are available to manage an incurable chronic blood disease: one drug treats the child form of the disease, while a different drug treats the adult form of the disease. Without treatment, patients die of the disease within 6 months of diagnosis. With drug treatment, both child and adult patients can be expected to live about 20 years from diagnosis, after which they usually die from progressive complications of the disease.Each drug costs the same amount of money and would serve the same number of people. The health system can only afford to fund one of the two drugs at present, and cannot split the money between the two drugs.**Which drug should the health system director fund?**Please slide the bar to any point on the scale from -5 to +5 to show your strength of support for funding one of the drugs.Fig. 1

2.3. Intervention {#sec0040}
-----------------

Randomization of participants to either an intervention or control group was achieved via a least-fill approach, employing computational logic to assign respondents to the group with the lowest current quota count, which enabled random assignment with respect to stratification variables (age, gender, region). We subjected participants in the intervention group to a moral reasoning exercise prior to each choice scenario. The exercise presented subjects in the intervention group with a list of twelve ethical principles relevant to allocative decisions ([Fig. 2](#fig0010){ref-type="fig"}). We fashioned principles to capture concepts identified as uniquely germane to health resource allocation involving adults and children, including 'fair innings', vulnerability, dependency, future potential, and distinction, as derived from a foregoing systematic review of social values relevant to health and social policy for children \[[@bib0235]\]. Balance was sought between principles that might inherently favour allocation to either children or adults. Participants in the intervention arm were asked to select the three principles that most influenced their choice in each scenario. Subjects in the control arm responded to the choice scenarios without exposure to a moral reasoning exercise. To minimize question order bias, we randomly rotated the order by which health care scenarios were presented to participants; in addition, we randomly rotated the order of principles within the moral reasoning exercise for the intervention cohort. Participants were prevented from revising their prior responses as they proceeded through the questionnaire.Fig. 2Moral reasoning exercise: Principles and rationales.Fig. 2

2.4. Statistical analysis {#sec0045}
-------------------------

Quantitative survey data were imported into SAS (Version 9.4) for analysis. Descriptive statistics were employed to characterize the respondent population and compare groups using the Student's *t*-test for continuous variables (age) and chi-squared for categorical variables. We compared select sociodemographic variables from the overall sample with general Canadian population demographics from the 2016 Statistics Canada Census of Population using one-sample proportion tests \[[@bib0250]\].

We employed a linear mixed-effects random intercept model, which allows for modelling of correlated continuous data, to analyze the strength of participant preferences for each of the scenarios presented and examine the impact of experimental group, scenario, and sociodemographic variables on mean preferences scores, while accounting for the correlation between repeated measures within the same subject. The model examined: 1) the difference in mean preference scores by group, scenario, and demographic characteristics and 2) the difference in mean preference scores between the intervention and control for each scenario. We analyzed the interaction of group and scenario on preference scores to understand whether group mean preference scores varied by scenario type, controlling for covariates (including age, geographic region, gender, language, education, employment, income, health, and family structure) (eMethods).

To further characterize the strength of participant preferences for children or adults, and explore potential choice uncertainty, we analyzed the proportions of respondents displaying any allocative preference beyond the bounds of a 'neutral' construct (zero midpoint), and modelled differences in neutral versus preferential responses as a binary outcome between groups and across scenarios through generalized estimation equation (GEE) modelling. Odds ratios with 95 % confidence limits were computed to indicate the likelihood of a neutral response for each scenario, using chronic disease as the reference scenario. GEE was also used to assess the likelihood of a neutral response by experimental group in each scenario, with moral reasoning as the exposure.

Lastly, we quantified the proportion of respondents selecting each allocation principle overall and by scenario. We tested equality of proportions across scenarios to detect significant differences in the proportions of respondents selecting a given allocative principle. Chi-squared analyses were used to compare the proportions of participants selecting each moral reasoning principle in a given scenario, using one scenario (chronic disease) as a referent.

2.5. Ethical considerations {#sec0050}
---------------------------

Ethics approval was granted by the Hamilton Integrated Research Ethics Board affiliated with McMaster University. Informed consent was obtained online as part of the survey panel opt-in process prior to individual survey initiation. The authors received no funding related to study design; collection, analysis, and interpretation of data; the writing of the report; or the decision to submit for publication.

3. Results {#sec0055}
==========

3.1. Study sample {#sec0060}
-----------------

Between April 18 and 24, 2017, a total of 12,803 individuals were screened for inclusion: 10,026 were deemed ineligible or declined to participate and 2777 individuals were randomized. Of these, we excluded 1048 for incomplete surveys. A total of 1729 (62.3 %) respondents completed the survey; 173 were subsequently excluded for poor quality (e.g., racing). Our final sample included 1556 participants, with 773 in the intervention group and 783 in the control group (eFig. [1](#fig0005){ref-type="fig"}). Respondent characteristics were similar across groups (eTable 1). As compared with 2016 Canadian population census data, our sample evinced an over-representation of individuals with higher educational attainment.

3.2. Outcomes {#sec0065}
-------------

We present our results in sequence corresponding to the hypotheses listed above. We begin with an exposition of control group results, to ascertain whether a baseline predilection for allocation to children was apparent in our sample, and how it varied across disease-specific scenarios. We then move to analysis of mean preference scores in the intervention group, and observed differences between the intervention and control group, to isolate the impact of the moral reasoning exercise on participant preferences. Our analysis of preference divergence from an age-neutral construct (-0.5 to +0.5) follows, to test the strength of allocative preference in either direction. Finally, we analyze participant choices about the moral principles guiding their allocative preferences, focusing on the frequency and patterning of principle selection across scenarios.

### 3.2.1. Allocative preferences {#sec0070}

#### 3.2.1.1. Control {#sec0075}

Analysis of mean preference scores demonstrated a consistent aggregate preference by control group participants to allocate scarce health system resources to children across all trial scenarios ([Fig. 3](#fig0015){ref-type="fig"} ; [Table 1](#tbl0005){ref-type="table"}). The strongest control group preference for children was observed in the cancer therapy (-1.77, 95 % CI -2.06 to -1.48, p \< 0.0001) and eating disorders treatment (-2.01, 95 % CI -2.30 to -1.71, p \< 0.0001) scenarios, in which the theoretical QALY gains were largest.Fig. 3Unadjusted group mean preference scores across scenarios.Circle = mean; centre line = median; box = interquartile range (IQR: 1^st^ and 3^rd^ quartiles of the data); whisker (inner fences): lower = 1^st^ quartile - 1.5SD, upper = 3^rd^ quartile + 1.5SD; suspected outliers are noted with a circle (control group) or plus sign (intervention group) beyond the upper and lower inner fences.Fig. 3Table 1Impact of demographic and experimental variables on mean preference scores: Multiple regression mixed model results.Table 1VariableEstimateStandard ErrorT valuep valueIntervention (vs control)0.720.145.40**\<0.0001**Scenario**\<0.0001**•Liver transplant (vs chronic disease drug)−0.020.11−0.160.87•Cancer therapy (vs chronic disease drug)−1.300.11−11.78**\<0.0001**•Palliative care (vs chronic disease drug)0.050.110.410.68•Eating disorders treatment (vs chronic disease drug)−1.530.11−13.89**\<0.0001**Group and scenario interaction**0.0021**•Intervention (vs control) and liver transplant (vs chronic disease drug)−0.180.16−1.160.25•Intervention (vs control) and cancer therapy (vs chronic disease drug)0.220.161.420.16•Intervention (vs control) and palliative care (vs chronic disease drug)−0.310.16−2.000.05•Intervention (vs control) and eating disorders (vs chronic disease drug)0.170.161.110.27Ontario (vs other regions)0.020.100.230.82Age categories**\<0.0001**•35 -- 44 vs 18−340.350.142.390.02•45 -- 54 vs 18−340.540.143.92**\<0.0001**•55+ vs 18−340.710.145.06**\<0.0001**Female0.120.091.300.19English (vs French)−0.280.12−2.320.02Education: some college or higher0.040.130.290.77Full-time employment−0.040.11−0.390.70Medium-to-high income (vs low income)−0.400.20−1.990.05Good-to-excellent health (vs fair or poor)0.110.160.690.49Married or living with partner (vs single or divorced)0.060.100.550.58One or more children (i.e. parenthood)−0.400.11−3.73**0.0002**[^1][^2]

#### 3.2.1.2. Intervention {#sec0080}

Mean scores were statistically significantly higher (more positive) in the intervention group overall, suggesting a weaker preference for allocation to children in those subjected to the moral reasoning exercise ([Fig. 3](#fig0015){ref-type="fig"}; [Table 1](#tbl0005){ref-type="table"}). In the intervention group, a significant preference for allocation to children was retained in the cancer therapy (-0.83, 95 % CI -1.11 to -0.54, p \< 0.0001) and eating disorder treatment (-1.11, 95 % CI -1.39 to -0.82, p \< 0.0001) scenarios, but there was no age preference in the chronic disease drug, liver transplant and palliative care scenarios ([Table 2](#tbl0010){ref-type="table"} ).Table 2Mean deviation of preference scores from zero difference between groups: Multiple regression mixed model results.Table 2ScenarioInterventionControlDifferenceMean95 % CIMean95 % CIEstimate95 % CIp valueChronic disease0.25(-0.03, 0.53)−0.47(-0.76, -0.18)0.72(0.46, 0.99)\<0.0001Liver transplant0.05(-0.23, 0.34)−0.49(-0.78, -0.20)0.54(0.28, 0.80)\<0.0001Cancer therapy−0.83(-1.11, -0.54)−1.77(-2.06, -1.48)0.94(0.68, 1.21)\<0.0001Palliative care−0.02(-0.30, 0.27)−0.43(-0.72, -0.14)0.41(0.15, 0.67)0.0021Eating disorder treatment−1.11(-1.39, -0.82)−2.01(-2.30, -1.71)0.90(0.63, 1.16)\<0.0001[^3]

#### 3.2.1.3. Comparison {#sec0085}

When analyzing the difference in mean preference scores between experimental groups for each scenario, the intervention had the largest absolute impact for the cancer therapy (0.94, 95 % CI 0.68--1.21, p \< 0.0001) and eating disorder treatment (0.90, 95 % CI 0.63--1.16, p \< 0.0001) scenarios, reflecting the strength of preference for children in these scenarios in the control group. The results demonstrated that younger respondents and parents had stronger preferences for allocation to children. (See eTables [Table 2](#tbl0010){ref-type="table"}, [Table 3](#tbl0015){ref-type="table"} for unadjusted and univariate model results.)

Where the benefits of an intervention were most obvious and different between adults and children -- as they were in respect of life-years gained from cancer and eating disorders therapy -- a choice to prioritize those benefitting most may have seemed easiest, even in the face of exposure to competing moral principles. This explanation is supported by theories of rational decision-making from the field of cognitive psychology that posit dual-process thinking, distinguishing intuition from reasoning \[[@bib0255], [@bib0260], [@bib0265]\]. The design of our study -- including the survey format and pacing, question framing, and lay sample -- may have induced intuitive responses from some participants, in the face of complex moral problems characterized by inherent uncertainty. In particular, participants may have allowed more obvious differentiators, such as discrepant benefits in length of life, to intuitively shape their preferences, rather than take the time and cognitive effort to work through conflicting moral choices in a rule-bound manner. This is likely particularly true of those unexposed to the moral reasoning intervention, and might explain why preference score differences between the intervention and control groups were largest in respect of cancer therapy and eating disorders treatment. It may also explain why variance in preference scores narrowed consistently across scenarios in the intervention group as compared to the control group: it is possible that this reduction in variance represents a reduction in choice uncertainty, in the context of enhanced participant reliance on analytical reasoning induced by the study intervention.

#### 3.2.1.4. Neutrality {#sec0090}

Proportions of neutral response (score between -0.5 and +0.5) were consistently higher in the intervention group across all scenarios (eTable 4). Univariate GEE analysis revealed the impact of the moral reasoning intervention on preference neutrality across children and adults, with neutral responses significantly more likely in the intervention group than the control group (OR = 1.69, 95 % CI 1.45--1.96, p \< 0.0001). When examining the impact of scenario, taking chronic disease as the referent, neutral responses were significantly more likely in the palliative care scenario (OR = 1.27, 95 % CI 1.13--1.43, p \< 0.0001) and significantly less likely in the eating disorder scenario (OR = 0.63, 95 % CI 0.56 to 0.71, p \< 0.0001). The multiple regression GEE model affirmed greater odds of preference neutrality in the intervention group as compared to the control group across all scenarios ([Fig. 4](#fig0020){ref-type="fig"} ; eTable 5).Fig. 4Odds of preference neutrality: Intervention vs. control.p \< 0.0002 for all comparisonsFig. 4

Two explanations for greater apparent preference neutrality in the intervention group are possible. The greater predilection for neutrality in the experimental group may represent stronger endorsement of equality as a primary justification for resource allocation, induced by exposure to a range of humanitarian principles, including statements about equality, relief of suffering, and rule of rescue. Conversely, participants may have found it difficult to resolve competing moral intuitions through reasoned deliberation, particularly in the scripted and time-bound context of a survey. Greater preference neutrality in the intervention group could represent a tendency to reject a difficult moral choice between adults and children, one that pulled responses closer to zero and limited stronger preferences to scenarios where obvious benefits (such as differential QALY gains) made the moral leap less daunting.

3.3. Moral reasoning analysis {#sec0095}
-----------------------------

We made a conscious attempt to incorporate principles related to an array of individual and societal benefits and costs, to induce reflection on the range of moral reasons one might consider germane to health system resource allocation. We also sought balance between principles that might intrinsically engender preference for children or adults. Participants exposed to the moral reasoning exercise demonstrated remarkable consistency in their prioritization of principles for allocative decision-making. The top three principles guiding participants' allocative decisions were: 1) treat equally (54.3%--63.9%), 2) relieve suffering (39.6 %--66.1 %), and 3) rescue those at risk of dying (37 %--40.8 %). In all cases except palliative care, 'treat equally' ranked number one, with a proportion uniformly greater than 50 %; subjects deemed 'relieve suffering' most important (66.1 %) in the context of palliative care, followed closely by 'treat equally' (63.9 %). The least endorsed principles (≤10 %) for assigning allocative preference were: priority to rare diseases, priority to special populations, and priority based on societal productivity.

Despite consistency in ranking of principles, the proportion of participants selecting a given principle to guide allocative decision-making varied significantly across scenarios ([Table 3](#tbl0015){ref-type="table"} ). As compared to the chronic disease treatment scenario, the cancer therapy scenario prompted significantly more participants to cleave to principles that, in theory, justify preferential allocation to children: opportunity to live a full life (24.7 % vs 19.2 %, p \< 0.0028), duration of benefit (34.5 % vs 19.5 %, p \< 0.0001), and concern for special populations (11.9 % vs 7.4 %, p \< 0.0026). They also tended to disavow principles favouring allocation to adults, including family responsibilities (14.2 % vs 24.7 %, p \< 0.0001) and economic productivity (7.9 % vs 16 % p \< 0.0001). A similar pattern was observed for the eating disorder treatment scenario, with the addition of vulnerability (36.1 % vs 21.9 %, p \< 0.0001) to the principles endorsed. By contrast, in the palliative care scenario, participants displayed significantly more concern for equality of treatment (63.9 % vs 55.2 %, p \< 0.0005) and relief of pain and suffering (66.1 % vs 39.6 %, p \< 0.0001), and less concern for 'fair innings' (the entitlement to a full lifespan) or duration of benefit.Table 3Participant selection of allocative principles by scenario.Table 3PrincipleOverall (%)Chronic disease drugLiver transplantCancer therapyPalliative careEating disorder treatmentAggregate\
p value[b](#tblfn0010){ref-type="table-fn"}Equal treatment57.7555.2458.9954.3363.91[a](#tblfn0005){ref-type="table-fn"}56.27**0.0008**Relief pain and suffering45.3339.5940.7540.1066.11[a](#tblfn0005){ref-type="table-fn"}40.10**\<0.0001**At risk of dying40.4444.1142.5640.6237.9037.000.02Capacity to benefit longer24.8919.5324.71[a](#tblfn0005){ref-type="table-fn"}34.54[a](#tblfn0005){ref-type="table-fn"}15.9129.75[a](#tblfn0005){ref-type="table-fn"}**\<0.0001**Most vulnerable24.7121.8618.7622.5124.3236.09[a](#tblfn0005){ref-type="table-fn"}**\<0.0001**Evidence that it works24.1425.8726.6523.4220.4424.320.04Live a full life20.6519.1517.9824.71[a](#tblfn0005){ref-type="table-fn"}17.2124.19[a](#tblfn0005){ref-type="table-fn"}**\<0.0001**Treat those dependent on others17.4616.5617.3418.5016.3018.630.65Family responsibility16.5624.7120.5714.23[a](#tblfn0005){ref-type="table-fn"}13.07[a](#tblfn0005){ref-type="table-fn"}10.22[a](#tblfn0005){ref-type="table-fn"}**\<0.0001**Other considerations14.4113.4516.5611.9015.2714.880.09Productive people10.4516.0414.107.89[a](#tblfn0005){ref-type="table-fn"}7.50[a](#tblfn0005){ref-type="table-fn"}6.73[a](#tblfn0005){ref-type="table-fn"}**\<0.0001**Special people10.257.379.9611.9011.0011.000.04Rare disease7.379.967.637.246.345.690.02[^4][^5]

4. Discussion {#sec0100}
=============

A principal finding of our study is the consistent preference for allocation to children across health care scenarios in the overall cohort. This finding is in keeping with much of the extant evidence on societal preferences for allocation to the young, but adds depth and specificity in relation to health care resource allocation to children *per se*, as most prior literature primarily examines the normative relevance of age variations among adults \[[@bib0065],[@bib0070],[@bib0085],[@bib0170],[@bib0175]\]. Our focus on allocative trade-offs between children and adults allowed for sustained examination of societal preferences related to children in the face of changing health conditions and outcomes, distinguishing it from prior literature.

The strength of the preference for children in our study varied by scenario, and was influenced by a number of factors. It was greatest in relation to cancer therapy and eating disorders treatment. These were the only scenarios where the gain in life-years from treatment was not bounded by the natural history of the condition and equalized across hypothetical programs, but tagged to normal life expectancy. Consequently, there was a clear expected difference in the benefit to be gained (as measured in length of life) between the idealized adult and child populations of interest. This may represent a preference for life years gained rather than children *per se*. Tsuchiya et al. have demonstrated altered patterns of age-based allocative preference in response to changes in the duration of benefit from a given intervention \[[@bib0080]\]. In the face of life-long benefits (e.g. life-saving interventions), their study participants gave consistent precedence to younger groups when allocating scarce resources. By contrast, when juxtaposed with life-long benefits, fixed benefits induced a preference pattern that privileged young to middle adulthood. Our results may indicate similar moral intuitions behind participant choices, though with the notable difference of an equal allocation option. Where pure QALY maximization was possible -- namely, in the cancer therapy and eating disorders treatment scenarios -- participants seemed to adjudge the life-long benefits that would accrue to children too large to overlook. Conversely, in the scenarios with fixed benefits, preference for allocation to children was weaker in the control group, and a trend toward preference for equal allocation emerged in the intervention cohort. An alternative explanation could be that participants perceived scenario-specific differences in duration of benefit more readily than other benefits that, though not explicitly mentioned, also retain moral relevance in the context of these and similar scenarios. Such benefits could include reduction in inequality of outcomes -- for instance, founded on inherent characteristics of the disease (rarity) or population (vulnerability, dependency) -- or equitable chances to live a full life ('fair innings') \[[@bib0270], [@bib0275], [@bib0280], [@bib0285], [@bib0290], [@bib0295]\].

Interestingly, our results at once confirm and challenge prior evidence that suggests decision-making from an impersonal vantage point (e.g. a budgetary decision-maker) makes it easier to discriminate in favour of one group as against another. Nord et al. elicited allocative preferences from study participants within two different assumed perspectives: a 'veil of ignorance', in which the participants themselves might need the health intervention in question one day; and a health system administrator role, in which they were tasked with decisions about resource allocation to others from a budgetary standpoint \[[@bib0075]\]. They found that the tendency to privilege younger people in allocative decisions was more evident amongst those who assumed the latter perspective, and argued that the degree of emotional remove induced by the shift in perspective might account for this difference. Evidence from our study for the moderating effect of a moral reasoning exercise on participant preferences for allocation to children, from an administrative perspective, suggests the opportunity for ethical reflection mitigated participant willingness to discriminate between groups on the basis of age. This may reflect choice uncertainty and a resultant instinct for preference neutrality, rather than evidence of real, rich moral deliberation. Alternatively, this may represent a 'depersonalizing' effect of moral deliberation on allocative decision-making, one sufficient to impact societal preferences for health resource allocation -- but in the opposite direction to that observed by Nord et al.

Counter to our hypothesis, exposure to a moral reasoning intervention diminished participant preferences for allocation to children. Evidence of a moderating effect of moral reasoning on allocative preference for children suggests the opportunity for ethical reflection mitigated participant willingness to discriminate between groups on the basis of age. This relationship may have been driven by a more varied set of ethical principles with which to draw conclusions. Interestingly, this is the same consideration that motivated our hypothesis of *increased* preference for children through moral reasoning. We presumed that the ethical nuances attached to funding health interventions for children -- including distinguishing features such as vulnerability, dependency, neglect, and future potential, that stood out in prior normative analyses of child health and social policy -- would come through more clearly to participants when exposed to a range of principles touching on them \[[@bib0215], [@bib0220], [@bib0225], [@bib0230], [@bib0235],[@bib0270], [@bib0275], [@bib0280], [@bib0285], [@bib0290]\].

Notably, the strength of preference for equal allocation increased among those randomized to the moral reasoning exercise. One interpretation of this is that the intervention prompted participants to evaluate the relationship between their moral intuitions and their stated preferences, and induced a reasoned judgment about the importance of equality as a guiding principle for resource allocation. An alternative explanation is that, despite the study intervention, it remained cognitively difficult for participants to reason through the uncertainty inherent in weighing competing moral principles. The greater predilection for neutrality in the experimental group may have represented retreat to equality in the face of difficult choices.

4.1. Strengths and limitations {#sec0105}
------------------------------

Our study admits of potential limitations. In relation to the survey instrument, the brief statements used to evoke the meaning of each principle may have failed to capture its ethical nuances. Different framing of the principles may have led to different patterns of preference among participants; however, randomly varying the sequence of principles mitigated any ordering effect bias \[[@bib0300],[@bib0305]\]. Use of a continuous scale overlapping zero to measure the strength of allocative preferences in the context of a binary choice task (fund either intervention A or B) may have led some participants to misinterpret zero as a choice to allocate equal sums of money to each population, rather than agnosticism about which intervention to fund. We sought to mitigate this potential limitation through simple, explicit scenario instructions; however, it is possible that misapprehension of the 'neutrality of preference' state by some participants impacted our results. The study was not designed to measure the time it took to read the principles in the moral reasoning intervention separately from completing the choice tasks. This could have given a proxy sense of whether participants read and engaged with the ethical ideas and choices involved. The assembly and composition of our study sample may have also limited the external validity of our results. Values endorsed by the Canadian public may not reflect those of other polities. The use of covariate-adaptive randomization to form balanced treatment groups with respect to relevant covariates has both benefits and inherent shortcomings; use of stratified randomization may have permitted some selection bias and only balanced a limited number of potentially relevant covariates \[[@bib0310]\]. More specifically, the survey firm generated cohorts from an opt-in panel of eligible Canadians recruited and incentivized through brand loyalty points programs. Some of the inherent selection bias associated with online opt-in panels was evident, privileging those with higher education who are web literate. However, the lack of statistically significant impacts of education and income on preference scores in the multivariate model attenuates theoretical concerns about sociodemographic bias.

Our study also has important strengths. It is, to our knowledge, the first to experimentally examine the values behind health and social policy decisions about children, their valence in relation to adult needs and priorities, and their stability in the face of moral deliberation. Its randomized design and large, heterogeneous population-based sample allowed for robust conclusions about the effect of the intervention on participant preferences. Our findings demonstrate a convincing relationship between exposure to a range of relevant moral principles and the priorities set. This affirms the complexity of such decisions and the impact of ethical deliberation on them. These findings challenge reflexive trust in survey-based preference elicitation, and imply the need to complement such modalities with deliberative modes of public engagement on questions of social importance, such as the allocation of scarce public resources.

4.2. Implications for research and policy {#sec0110}
-----------------------------------------

In policy terms, our work both supports and challenges conceptions of value in health care based primarily on QALY maximization. Dominant modes of health economic evaluation privilege interventions that maximize aggregate individual and societal utility, typically in the form of the duration and magnitude of benefits reaped and the size of the population reached. Our results demonstrate a stronger preference for children in the hypothetical scenarios (cancer and eating disorders) in which the duration of benefit accrued mainly to children; this may represent an underlying motivation by participants to maximize benefits. However, we also observed a strong inclination for equality and humanitarianism amongst study participants, regardless of experimental group. The three principles deemed most salient to priority-setting were equal treatment, relief of suffering, and rule of rescue. None of these prioritizes age as a relevant variable; each starts from a belief in the intrinsic value of all human life, and resists grading that value by social context or circumstance. Our results, therefore, suggest the need to incorporate other values into health care priority-setting, as some value frameworks for funding decisions have begun to do \[[@bib0315]\]. The salience of these findings to priority-setting efforts in the context of public health emergencies -- including access to scarce ventilators or drugs in the context of the COVID-19 pandemic -- is readily apparent. They furnish empirical evidence for the adjudication and refinement of ethical frameworks for triage and resource allocation during the pandemic based on public values in Canada \[[@bib0320],[@bib0325]\]. Efforts to incorporate a broader range of public values and preferences in health and social policy decisions also involve inherent risks. Among them is the need to confront and grapple with public attitudes that conflict with the fundamental normative or legal principles that structure most democratic societies, including basic commitments to the protection of individual rights and nondiscrimination \[[@bib0330]\]. Future research to explore this tension and ways to resolve or address it is warranted.

Allied to this, our study affirms the importance of process in health care priority-setting exercises. The opportunity to explicitly consider varied normative ideas appears crucial to informed allocative decisions based on public values. The observed changes in public preferences in the face of competing moral principles imply the impact, and potential relevance, of structured opportunities for moral reasoning when making such consequential decisions. This includes the potential value of deliberative public engagement to health policymaking, particularly in domains where distinct ideas about the public good may compete. Specific to children, few efforts to incorporate public deliberation in research and policy on child health and social policy priorities have prevailed to date. In the face of resource scarcity, evidence-informed child health and social policies will depend on the careful elicitation and integration of public values. This and allied work bear potential relevance in social policy domains beyond health, including public attitudes to 'deservingness' attached to welfare state distributional policies in domains as diverse as labour markets and education \[[@bib0335]--,[@bib0340],[@bib0345],[@bib0350],[@bib0355]\]. Crucial future areas of inquiry and application include the inclusion of child voices in research and policymaking, and the exploration of social values for priority setting within public policies and programs for children.

5. Conclusions {#sec0115}
==============

Our study underscores the relevance of age in public preferences for the allocation of scarce health care resources, extending evidence of this calculus to trade-offs involving children. Nevertheless, it demonstrates the mutability of such preferences in the face of structured moral deliberation. This finding has three main repercussions. It furnishes a critical lens for the interpretation of stated preference surveys; introduces a note of caution into dominant modes of health care funding allocation decisions premised on utility maximization; and implies the value of deliberative methods as a complement to both. We observed a strong inclination for equality and humanitarianism amongst study participants, regardless of experimental group. These moral impulses prevailed over consequentialist logic, including priority to the young founded on aggregate benefit. The stability of these principles in the face of changing allocative preferences signals their importance as public values -- but it also hints at the complexity of values-based decision-making. The public seems, at face value, to believe in equality of access and defend a set of shared human entitlements to care. It also seems to assign intuitive priority to children. The challenge of reconciling these convictions demands processes nimble enough to negotiate this paradox. Spaces for moral deliberation -- whether in large-scale surveys or focused qualitative engagement -- are essential to arrive at health care priorities that reflect what we collectively hold dear.
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[^1]: Overall model significance: Log-likelihood ratio tests suggest the full model is significantly better than a null model (LR = 1049.38, p \< 0.0001), but reveals no significant difference in fit between the full and parsimonious models (LR = 14.1, *df* = 7, p = 0.95).

[^2]: R^2^: The full model with predictors explained 9.7 % of within-subjects variance and 4.3 % of between-subjects variance, as compared with the null model (without predictors). Comparing the full model with a parsimonious model (non-significant predictors removed), the two models were almost identical. The parsimonious model explained 0.05 % more of the between-subjects variance; there was no difference in within-subjects variance explained.

[^3]: CI = confidence interval.

[^4]: Statistically significant difference in proportion selecting the principle for indicated scenario compared to the chronic disease scenario at p \< 0.01 level.

[^5]: Test of equality of proportions across scenarios.
